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. heanng aids in the United States, one used the The 1976 American National Standards
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dard.? This was a voluntary agreement by the  1976)° changed all that. It tngpered major
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technical information that was to accompany
every hearing aid, its effects went much fur-
ther. The HIA standard had been voluntary,
but the new standard was based on federal law
and legally binding. It specified new measure-
ment procedures and allowable tolerances for
the results of those measurements. For the first
time, we had a decument speafying electro-
acousti- performance that applied to every hear-
ing aid sold in the United Stares. Henceforth,
every hearing aid had 1o be accompanted by
written dara that included the specified mea-
surements, and the hearing aid had to meer the
dara within the specified tolerances The stan-
dard applied to the hearing aid industry as well
as the dispensers, and a U.S. government agency,
the Food and Drug Administration (FDA), was
watching in the background ro make sure the
industry obeved the outlined requirements. FDA
inspectars visited rmanufacturers, checking on
test procedures. The inspectors could (and some-
umes did) apply sanctions to nonconforming
maaufacturers. Big Brother was watching.

The ANSI Working Group $3-48 for
Hearing Aids, which wrote the new standard,
included engineers from most hearing aid com-
panies, plus represenratives from the dispenser
and audiclogical commuruties. This group put
the srandard together in the unheard of short
time (for an ANSI standard) of 1 year For this
achievement, a grear deal of credit goes to the
knowiedgeable and gentemanly guidance of its
chairman Sam Lybarger. Heavy pressure from
the FDA was admittedly another factor.

In reraspect, there is no quesuon that the
new standard forced the hearing aid industry to
inprove 1ts products and pushied the dispenser
community toward better knowledge of the
product they were fiming With the clout of
FDA ever-present in the background, manufac-
turers not only had 1o subject every hearing aid
to a standardized battery of tests before it left the
factory, they also had to make sure the hearing
aid met the specifications for cthar model. The
dispenser was required to provide a printed per-
formance chart to the client. The tolerance limirs
in the standard were reasonable enough. In con-
trast, the old HIA standard, with no rolerance
limuts, essentially left the variation from hearing
aid to hearing aid subject o the internal rules of

each manufacourer. Those were only too often
subject to 2 certain amount of fleability affected
by the customner’s demand for immediate ship-
ment, or the desire for 2 good shipping menth

A number of new measurement procedures
were introduced in the ANSI standard, includ-
ing measurements of distortion, saturation sound
pressure icvel, and telecoi] sensitivity. The new
procedures not only forced the 1ndustry to im-
prove its processes bur also gave the dispenser
more and better information. Ler us examine
the new mcthod for testing telecoil perfor-
mance, starting with the basics.

SERENDIPITY IN 1947

In 1947, Sam Lybarger at RadioEar Corp. de-
scribed 2 new body-worn hearing aid, the
Permo-Magnetic Radiaear,’ which featured "a
new direct inductive pickup for telephone and
radio usc.” Lybarger had discovered thar the
then-common Western Electric-Bell Labora-
tortes telephone receiver, the U1, had a signal
leakage field thar could be picked up with an-
other coil {this became the telecoil), amplified,
and used 10 listen to the telephone, free of sur-
rounding acoustic noises. He received a U.S
patent for this invention.

The U1 receiver Jeakage field thar the tele-
o1l picked up 15 acrally undesirable magnetic
spillage, an indication of inefficiency of the re-
ceiver magneuc structure, This receiver was made
in enormous quantiries, over 90 million by the
tume production cecased in 1981, and in most
areas of the country it was in effect the defaulr.
However, it should be nored that the so-called
independent telephone companies {e.g., GTE,
Automatic Electric) never did have telephones
that were compatible with telecoils, and the ser-
vice arcas dominated by these companies (mostly
in the south) were notorious for complaints of
poor telecoi} performance.

THE ELECTROMAGNETIC FIELD

The electrical current carrying the speech signal
1n virtually every telephone flows through a coil
of some kind. (A few tzlephones with ceramic-
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driven receivers hiave been made. On those, a
separate coil provides the required mapmenic
field.} The current in the coil gencrares 2 mag-
netic field, which vibrates a diaphragm, moving
atr and resudting in an audible sipnal, mostly
speech. Not all of the magnetic field docs the
useful work of moving the diaphragm. Some
escapes cutside the wlephone and can be picked
up by a telecoil. The suength of the fie'd 15
measuted in current per wire length, or amperes
per meter. A milliampere, mA (0.001 ampere).
per meter 15 a more convenuent measurc for
practical measurements.

THE ANSI §3.22-1976 TELECOILTEST

The relecon] test section of the 1976 standard
spectfied a 1 kHz electromapgnenc field with a
f:eld strength of 10 mA/m. The hearing aid on
a 2-cc coupler was placed in the center of the
field and oriented for maximumn sound pressure
level (SPL) ourput. The example given for gen-
erating the field was for a coil 1 m in diameter,
with 10 tarns of copper wire around the pe-
niphery. The first coil made in our laboratory
at Telex Communicatiens followed the example
and was large and cumbersome, made of three-
quarter-inch plywood. with a hole about a foot
diamerer 1n the center for the hearing aid and
2-cc coupler. It was by no means a real-life rest
and was in fact more reminiscent of 3 basic
physics laboratary experiment, bur 1 big step
forward frem no test ar all in the preceding

HIA standard. Later, the simpler method of

wrapping an appropnate coil around the Bruel
& Kjaer test box became commonplace. This
wis a do-it-yourself project, as Bruel & Kjaer
never did provide an official version. In any ver-
sion of the coil, one had to make sure that the
magnenc field in the measurement spacc had
the specified freld density of 10 mA/m, but that
was a faily simple procedure, requiring only
basic measurement instruments and a few cal-

culations. Evenrually, commercial equipment
makers such as Frye Electronics and Etymonic
Research eneered the field, producing gear to
measury compliance with ANS1 1976, Their
cquipment included eoils of quite reasonable
size to measure telecoil sensizivity. (See Fig. 1.)

Y \
T”j\ g

Ly
\ ?”’-r“-ﬂf“*t 2
L
“\

Figure 1 Telacoll test coll {16 X 18 X 3/4°) for
1976-19868 ANSI Standard. {Courtasy of =rye Elec-
trorigs Ing)

The choice of the specified 10 mA/m field
strength had been made with inadequate infor-
mation and under time pressure. This selected
standard field strength turned out to be quite a
bit lower than the field stmength of a typical
hearing aid compatible telephone, which is
about 78 mA/m axial, 45 mA/m radial. We did
not know this at the time. Even so, the standard
served its purpose until more was learned about
compatible telephones. Neither the test coil nor
the test method bore much resemblance to an
acrual relephone. Thus the measuring proce-
dure could not answer the basic question "How
well does a particular hearing aid work in tele-
coil mode?” Nevertheless, a relative compart-
son of telecoil sensitiviry among different hear-
ing aid models was now possible. Because in
1976 there was no agreement yer on what the
field strength of a hearing aid compatible tele-
phore was, the resolurion to the basic question
had ro await moves by the tclephone industry.

THE TELEPHONE INDUSTRY AND
THE HEARING AID COMPATIBLE
TELEPHONE

The telephone industry (and particularly the
Bell Syscem) through the years has been recep-
tive 1o the needs of the hearing- wmpaired pub-
lic. An example of that receptivencss is the Bell
System n:rroﬁmng at considerable expense, all
public coin telephones to be hearing aid com-
patible, starting in 1974. Why a large percent-
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age of coin phones at that ime were not com-
patible in the firse place was a simple oversight,
in which a giant industry was unawarc of the
needs of a relatively small segment of the pub-
lic. An even mote glaring example of this over-
sight is evident in the introduction of the new
Bell System receiver to replace the Ul, first in-
troduced in the Slimline telephone in the late
1560s.° It was smaller, less expensive to produce,
used fewsr strategic marterials, and was more
efficicnt, but it was useless with a relecoil be-
cause it had a very weak stray fleld

DEFINING THE HEARING AID
COMPATIBLETELEPHONE

The Shimhine situation finally woke up the rele-
ohone industry to the importance of relecoils
to hearing aid users. Around the samc time pe-
riod, the hearing aid industry had learncd the
value of cooperating on techmcal standards for
the greater good of all, albeit under pressure
from the FDA. Engineers from both industrics
started working together in the late 1970s as a
ieint commirtee {the author was co-chair), de-
termimng the methods of measuring the stray
clecromagneric field (which had been up to
now of no concern to the telephone indusery)
and testing a number of telephonc receivers at
various laboratories. After several years of wark,
the standard was written around the perfor-
mance of the well-accepred and ubiquitous Bell
System Ul receiver? This became the Elec-
tronics Industry Association (EIA) Standard
RS-504 of 1983, titled “Telephone Receiver
Hearing Aid Compatibility,” and with minor
modificarions it survives to this dav.®

The minimum elecromagnetic  field
strength of a hearing aid companble telephone
receiver in the EJA 504 standard was specified
as —22 dB axial field, —27 dB radial, both re 1
A/m at | kHz. Those correspond to 78 and 45
mA/m. respectively. (The average of axial and
radial fields 15 —25 dB: the significance of this
number will be discussed further in the section
on the practical meaning of the telephone stan-
dard ) These figures were the averaged result of
measuring a number of Ul receivers at several
laboratories. In addition, details of the field

shape, frequency response, and associated cir-
cuiay were defined. Note that the aaal field 1s
9.6 dB and the radial 4.6 dB higher than the 10
mA/m of the 1976 and 1987 ANSI standards.2?
One might ask, “Was this ficld adequare for
hearing wids?” Actually, it was a case of taking a
receiver that was out there by the millions and
considered usable with telecoils, and deermung
this to be the standard. There was no discussion
of whether ir was good enough or whether we in
the hearing aid industry could expect morc. We
took what we could get and were glad to get ir.
The tiny and politically weak hearing aid indus-
wy had no chance of pressuring for more from
the giant telephone industry. All this changed
with Americans with Disabilities Act of 1992,
bur thar was to be many years in the futurc.

MARGINAL ADEQUACY OF THE U1
RECEIVER MAGNETIC FIELD

Although the magnetic field of the U1 recelver
and the resulung EIA standard were decmed
hearing aid compatible and were the best avail-
able ut the 1ime, they were really just barely ad-
equate and no more. As stated previously, 1t
was the best the hearing aid industry could
get without getting into a fight with the tcle-
phone industry that we could not possibly win.
To achicve the desirable goal of a hearing aid
being as loud in telecoil mode as in micro-
phone mode, the hearing ad’s amplifier gain
had to be so high that the aid would be closc to
instability (motorboating). {The motorboanng
sound 1s a low-frequency buzz, resembling 2
smail boat motor.) The cause is magnenc cou-
pling from the hearing aid receiver back to the
wiring and the telccoil, semilar 1n principle to
the acoustic feedback whistle that is the bane
of many a hearing aid fitting. Adequate teleceil
performance was thus just barely possible, but
with considerable difficulty. It was a particu-
larly tough problem i custom in-the-ear hear-
ng aids, which were by then, in the late 1970s,
beginning to dominate the market. Some man-
ufacturers incorporated special telecoil pream-
plifiess, which helped, bur required addirional
space, always 3 scarce commodity in in-the-ear
hearing aids.
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TELECOIL WITH PREAMPLIFIER:
A UNIVERSAL SOLUTION

The problem was not really solved until 1992,
when a major supplier of telecoils, Tibbers
1ndustries Inc.. introduced 1 telecoil with a
very small builr-in prcamp]iﬁcr, the Model
PA-3 Using a custorn integrated circuit, it was
not much bigger than a plain telecoll, although
understandably it was more costly. Combin-
ing the preamplifier and coil into one package
greatly reduced the magnetic field pickup due
to wiring and allowed higher usable telecoil gain
with much berter stability. (See Fig. 2.)

IMPROVING THE ANSI| STANDARD:
PROGRESS OVERTHEYEARS

Considering the time and regulatory pressures
behind the 1976 standard, with the FDA push-
ing the industry hard to creare, cvaluate, and
finish a brand new standard in the record ume
of 1 vear, it was understandable that areas of
improvements would be left for the furure. A
more realistic telecoil measurement was needed,
buz 1t required the creation and acceptance by
the relephone industry of criteria for a hearing
aid compatible telephone receiver. The 1983
EIA 503 Hearing Aid Compatible Telephone
Standard® defined these criteria and made the
subsequent development of berter telecod test
metheds possible

Moces PAZ (Tounesy o Tikbets Industries ire.)

The 1987 ANS] hearing a1d standard” re-
vised the 1976 version? and improved it, but
the author recalls no ateempts by the ANSI
$3-48 committee to improve the telecoil mea-
surement methed. One could speculate that the
main use of telecoils occurred in behind-the-
ear aids, which had declined in market share te
around 20% by thar time. Another likely factor
is that through the years, the telecoil has never
occupied center stage in hearing aid technol-
ogy, nor has there been a strong demand from
the dispensing community for improvements tn
telecoil technology or information. The tele-
coil part of the ANSI srandard at that dme was
primitive cnough: a measuremnent at just one
frequency (1 kHz}, with the hearing aid moved
around until maximum ourpur was reached. Be
that as it may, it took uncil the 1996 ANSI
Standard? to develop a new, more realistic test
merhod.

1996 ANSI STANDARD AND
TELECOILTESTING

In the 1996 ANSI Standard (ANSI S3 22—
1996)8 the telecoil measurement was changed
to a method very similar to acrual telephone use
and thus could be directly relared to the perfor-
mance of the hearing 2id on a real-life tclephone.
The prirne mover behind that efforc was Bill
Cole of Etymonic Design Inc. in Canada, and
his contribution should be recognized. See
Tanle 1 for 2 comparison of 1976/86 and 1996
ANSI telephone measurements.

SIMULATED TELECOIL SENSITIVITY

The new method is logical and straighrforward
bur introduces 2 number of new concepts and
corresponding acronyms The end goeal 15 t¢
define and measure the simulated telecot! sen-~

sitivity (STS). A rest coil is defined in the stan-
dard 3nd called, logically enough, a telephone
magnetic field simulator (TMFS). The TMFS
generates 2 316 mASm magnetic field {which
15 =30 dB r2 1 A/m), with the intent of ap-
proximating the output of a typical hearing aid
compatible relephone.

85



A3/ 26,2883

Figure 3 Tgsung ne simu ated 1elaphons sansitiv-
ny of an 1-the-gar hezring 2'd with a - MFS (Etymonic
Mods Rz720). The aearing zid ‘s placad sgainst the
TMFES (Countesy of EtyT.oniz Daesian g

resulting from 60-dB SPL input to the micro-
phane. A posidve number means some reserve
15 available for telephonc mode, which 15 de-
sirable. For example: RTG = 43 dB; HFA
SPLITS « 103 dB SPL; STS = 103 — (43 -
60) = Q.

For satisfactory real-life tclephone use,
should STS be zero, or less than zero, or more
than zero* The author is net aware of clinical
or other studies addressing this issue. How-
ever, 1T is notcworthy that the British, Swedish,
and Australian governments speaify that SPL
of the telecoil with 31.6 mA/m field and mi-
crophone mede with 60-dB input be within 25
dB of cach other. This is exactly the same thing
as saying that STS (in the U.S. standard) shal]
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Table 1 Comparison of 1976/87 and 1996 ANSITelaphone Measurements
ANSI 1976/87 ANSI| 1996
Figlc st-angtn 10 ma/T 318 TmA/m
Freauancy 1000 Hz 1000, 1600, 2500 Hz
Measuing co  sizs Not specified Simulated telephone
HA locatior tiove arouns for Simulated telechone vse
fraxMJm reading
The sample TMFS coil described 1o the THE SIMULATED TELEPHONE
standard 1§ cylindrical, about 3 inches in diame-  SENSITIVITY FORMULA :
ter The coils produced by test equipment man- ;
ufacturers have taken different forms, similar  Basically, simulated telephone senstuvity (ST3)
in size to a telephone and producing the re- s the difference berween ourput SPL resultng
quired field steength. Examples from two man-  from a 60-dB acoustc input and the output SPL
ufacturers are shown in Figures 3 and 4. The  resulting from an inductive input via the tcle-
TMFS and the hearing aid are placed against  phone simulator: STS = SPLITS ~ RTG + Figure 4
each other, with the heaning 2id connected roa 60+, where SPLITS is the SPL with the tele- against the
2-¢c coupler. cotl simulator (telecoll mode}, and RTG (refer-
The SPL output of the hearing aid into  ence test gain) plus 60 is the SPL with 60-dB : _
the 2-cc coupler is measured at three frequen-  acousnc input (microphone mode). j be within
cies (100G, 1600, and 2500 Hz) and averaged. . is thar ST
This SPL is named sound pressure levei for in- ! Exan
ductive telephone simulator, or SPLITS (the WHAT DOES STS MEAN? TMEFS e
“inductive” is obviously necessary because Eng- braically -
lish does not lend itself 1o pronouncing five  The STS procedure compares the acoustic out- | Assurme :
consonants in a row). Other acronyms com-  pyr, with 60-dB acoustic input, with the acous- : SPL out
bine the famuliar with SPLITS, such as HFA-  tic sutput from a simulated telephone. If the to acoustic )
SPLITS (for ugh frequency average-SPLITs}  nymbers are equal,. STS is zero. Stated giffer- | field inpu
and SPA-SPLITS {for special purpose average-  ently, if STS is zero, telecoil output is equal to | 3 feerisa
SPLITS). In addition. a frequency respense  acoustic output with 60-db input (both aver- standard.
curve in telecodl mode is introduced in the aped over three frequencies). If STS 15 nega- compatib]
standard, tive, say —2 or —3, it means the output in tele- ; 5 dB mo
phone mode is 2 or 3 dB lower than the output i hearing ai
: and with
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Figure 4 Tes:n3 the STS of 3 behind-the-gar haaring aid with a TMFS (" Telewand®"). The TMFS is placed
aganst the nearing 2.3 (CoLrtesy of Fryg Electronizs inc.)

be within =3 dB of zero. The clear implicanon
ts that STS = 013 desirable.

Examining the numbers detining STS and
TMES lead 1o the same conclusion. {The alge-
braicallv challenged may skip this paragraph.)
Assume 2 hearing aid with $TS = 0 (i.c,, the
SPL outpus is the same with 60-dB SPL
acoustic input or =30 dB re 1 A/'m magnetic
field input). Recall that averape specch lovel at
3 feec is aboutr 65 dB SPL., 5 dB more than the
standard. The magneric field of an EIA 504
compatible telephone 1s —25 dB re 1A/m, also
5 dB rore than the TMFS. Therefore, this
hearing aid 15 equally loud with average speech
and with a compatible relepheone, surely a de-
sirable conditon.

SPLITS CURVE

Another measurement defined by the 1996 stan-
dard s the SPLITS curve. A= the name 1m-
plies, 1t is the response curve of the hearing aid

with the telephone simulator providing the
input. This curve provides useful informarion
tu the dispenser, assuring that the teleco re-
spense 15 appropriate. In the not-too-distant
past. the author has run across hearing aids
with a relecoil eurve char peaked sharply ac 1
Mz, providing o nice high number under the

older standards but sounding unpleasant, as
well 25 undesirable, by any audiological crite-
rion. (See Fig. 5.)

SUMMARY

The ANS51 53.22-1996 Hearing Aud Standard®
introduced new procedures for measuring rele-
coil performance. These procedures simulare
real-life telecoil performance much more closely
than the 1976 and 1986 standards did The
foundarion for these improved procedures was
laid with parallel advances in hearing aid and
telephone technologies and standards.
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Figura 5§ Rssponse curve of s telecoll with rele-
FFone simutatar smpurt (tne SPLITS curvel. (Courtasy
2t Erymignie Design (re)
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The test methods mandated by the 1996
ANS] Srandard® should result in more accu-
rately testing telecoil performance and may con-
tribute toward greater acceptance of this some-
times neglected hearing aid feature.

ABBREVIATIONS

ANST  American National Standards Inst-
tute

Ela Elecuonic Industries Association

FDA  Food and Drug Administration

HFA High Frequency Average {ar 1000,
1600, 2500 Hz)

HIA Hearing Industries Aesociation

RTG Reference Test Gain (at 1000, 1600,
2500 Hz)

SPA Special Purpose Average (frcquen-
cies stated by the manufacturer)

SPL Sound Pressure Level

SPLITS Sournd Pressurc Level for Inductive
Telephone Simularer

STS Simulated Telephene Sensitvicy

TMFS  Telephone Magneric Field Simularor
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